Objective. Examine the longitudinal association between knee pain and prefrailty/frailty.
Results. After adjusting for age, sex, race, education, marital status, smoking status, comorbidities, and body mass index, unilateral knee pain at baseline was associated with an increased odds of developing prefrailty (odds ratio [OR] 5 1.14, 95% confidence interval [CI] 5 1.01-1.27) and frailty (OR 5 1.89, 95% CI 5 1.38-2.62), and bilateral knee pain at baseline was also associated with an increased risk of prefrailty (OR 5 1.41, 95% CI 5 1.24-1.62) and frailty (OR 5 2.21, 95% CI 5 1.63-3.01) over time in comparison with no knee pain. The interaction of knee pain status by time was not significantly associated with either prefrailty or frailty.
Introduction
Knee pain (KP) is the most common symptom of knee osteoarthritis (OA), affecting more than 100 million individuals worldwide [1, 2] . There is evidence that the major risk factor for KP is obesity, and given the rising prevalence of obesity and an aging population, the incidence of KP has also increased [3, 4] . Several studies have found that KP leads to functional limitation, disability, and falls in older adults [5] [6] [7] [8] [9] . Other studies have demonstrated that KP is the most common predictor of future knee OA [10] .
Frailty is a geriatric syndrome that is strongly associated with disability and other adverse outcomes [11] [12] [13] [14] . The prevalence of frailty differs geographically (6.9%), with a range from 4% to 17% in older adults [15] [16] [17] [18] . Thus, the increasing aging population with health conditions like KP and frailty poses a significant public health problem.
A number of studies have demonstrated a significant relationship between OA and frailty [19] [20] [21] . A populationbased prospective cohort study investigated whether the presence of OA-related pain increased the risk of developing frailty compared with no OA-related pain in community-dwelling older adults [22] . The study demonstrated that people with knee OA-related pain had an increased risk of developing frailty. However, it is unclear if KP is associated with an increased risk of prefrailty and frailty compared with healthy cohorts (who have neither knee OA nor pain).
The purpose of the current study was to examine the longitudinal association between KP status and prefrailty/frailty over six years. We hypothesized that KP would be associated with an increased risk of prefrailty and frailty.
Methods

Data Source
The Osteoarthritis Initiative (OAI) is a publicly and privately funded multicenter, longitudinal, prospective observational study of knee OA. The study data were collected over time. The participants (N ¼ 4,796) were between the ages of 45 and 79 years at baseline (2004) (2005) (2006) and included the following three subcohorts: 1) the progression subcohort consisted of 1,390 subjects with symptomatic tibiofemoral knee OA in at least one native knee at baseline; 2) the incidence subcohort had 3,284 subjects with an elevated risk of developing symptomatic knee OA during the study; and 3) the control subcohort consisted of 122 subjects with no pain, aching, or stiffness, no radiographic findings of osteoarthritis, and no risk factors for OA in either knee in the past year.
The OAI study design and data collection have been described previously [23] . Access to the study database is available for free at http://www.oai.ucsf.edu. The study was approved (approval numbers: FWA00000068) by the Committee on Human Research at the University of California, San Francisco. Before enrollment into the study, all participants provided written informed consent.
Setting
The OAI study enrolled men and women from the following five clinical centers across the According to self-reported KP status at baseline, the participants were placed into one of three groups: no KP, unilateral KP, or bilateral KP. Participants with missing information at any of the follow-ups were significantly more likely to be older, unmarried, obese, have less than a high school education, and have a higher score on the Physical Activity Scale for the Elderly (PASE) compared with those participants without missing information (P < 0.05).
Self-reported Knee Pain Status at Baseline
We defined participants as having unilateral KP if they answered "yes" to the question "During the past 12 months, have you had any pain, aching, or stiffness in or around your right (or left) knee?" and to the question "During the past 12 months, have you had any pain, aching, or stiffness in or around your right (or left) knee on most days for at least one month?" Bilateral KP was considered to be present if participants answered "yes" to the question "During the past 12 months, have you had any pain, aching, or stiffness in or around your right (and left) knee?" and to the question "During the past 12 months, have you had any pain, aching, or stiffness in or around your right (and left) knee on most days for at least one month?" The follow-up question for each knee was used to assess the pain status at baseline.
The participants were determined to have no KP if they answered "no" to the question "During the past 12 months, have you had any pain, aching, or stiffness in or around your right (or left) knee?" No KP was used as the reference group. Similar questions have been used in other longitudinal and population-based studies [24, 25] .
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Outcome Frailty status was assessed over time (at baseline and at one, two, three, four, and six years) according to the frailty phenotype criteria (weight loss, exhaustion, weak energy, slow gait speed, and little physical activity) developed by Fried and colleagues [26] . Participants with unintentional weight loss of 5% from the previous visit were categorized as positive for weight loss (score ¼ 1). For the baseline assessment, an unintentional weight loss of 5% from baseline to the subsequent follow-up visit was considered positive. Exhaustion was assessed using two items from the Center for Epidemiologic StudiesDepression (CES-D) scale: "How often have you felt that everything required considerable effort during the past week?" and "How often could you not get going during the past week?" The questions then asked, "Please tell me how often you felt that way," with 0 ¼ rarely or none of the time (less than one day), 1 ¼ some of the time (one to two days), 2 ¼ much of the time (three to four days), or 3 ¼ most of the time (five to seven days) [27] . Subjects answering "2" or "3" to either of these two items were categorized as positive for the exhaustion criterion (score ¼ 1). Weak energy was assessed using the 12-item short form health survey: "How often have you had a lot of energy in the past four weeks?" with answer options including 1 ¼ all of the time, 2 ¼ most of the time, 3 ¼ some of the time, 4 ¼ a little of the time, and 5 ¼ none of the time [21] . Participants answering "4" or "5" were categorized as positive for the weak energy criterion (score ¼ 1). Gait speed (meters/second) was assessed using a timed 20-meter walk test with a stopwatch. Participants walked a comfortable, self-directed pace in a corridor. Those who walked slower than 1 m/s or were unable to perform the test were categorized as positive for the low gait speed criterion (score ¼ 1). Participants who scored in the lowest 20% of the PASE, adjusted for gender, were categorized as positive for the low physical activity criterion (score-¼ 1). The overall frailty score ranged from 0 to 5. According to the frailty phenotype criteria score, either prefrailty (score ¼ 1or 2) or frailty (score 3) was determined to be present.
Baseline Covariates
Baseline demographic, social, and health characteristics were assessed using self-reported questionnaires. Based on the literature and biologic plausibility, we included the following sociodemographic covariates: age (continuous), sex (female vs male), race (Caucasian vs African American or Asian), education (high school or less vs high school or more), marital status (married vs unmarried/divorced), and smoking status (current or former smoker vs nonsmoker). Medical comorbidities (>1 vs 0) were assessed using the Charlson Comorbidity Index [28] , and body mass index (BMI; continuous) [29] was included.
Data Analysis
The three groups' (no KP, unilateral KP, and bilateral KP) baseline descriptive statistics were summarized using mean 6 standard deviation for continuous variables and percentage for categorical variables. We use a one-way analysis of variance for continuous variables and a chi-square test for categorical variables to examine the association between the three groups at baseline. According to KP status at baseline, the percentage (%) of individuals with prefrailty and frailty was plotted over time (at baseline and at one, two, three, four, and six years). To examine whether the KP status at baseline was associated with prefrailty and frailty over time, generalized estimating equations (GEEs) were fitted using the GENMOD procedure in statistical analysis software (SAS; SAS Institute, Inc., Cary, NC, USA) [30] .
Two GEE logistic regression models for each group were used to examine the association between KP status and prefrailty/frailty as well as the interaction between KP status and time (representing the difference between the three groups and prefrailty/frailty over time). Model 1 in each cluster included KP status and interaction between KP status and time. Model 2 in each group was adjusted for model 1 plus age, sex, race, education, marital status, smoking status, comorbidities, and BMI. Odds ratios (ORs) and 95% confidence intervals (CIs) were presented for prefrailty and frailty at different levels of KP, using no KP as the reference group. Time was treated as a continuous variable. SAS [31] version 9.2 (SAS Institute, Inc., Cary, NC, USA) was used to perform all analyses. Figure 1 shows the flow chart of the study participants. Out of 4,796 participants at baseline, 3,053 nonfrail participants were included in the current study. Participants who were already frail (N ¼ 1,729) or who had missing Figure 1 The flow chart of the study participants.
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were excluded from the analyses. Out of the 3,053 participants, 1,600 participants did not have KP (52%), 822 participants had unilateral KP (27%), and 631 participants had bilateral KP (21%). Table 1 shows the descriptive statistics of the study participants according to KP status (and for the overall sample). At baseline, participants with unilateral and bilateral KP were younger (P < 0.01 for trend), had a higher BMI (P < 0.01 for trend), were less educated, and were less likely to be Caucasian than those without knee pain (see Table 1 ). Participants without KP were more likely to have comorbidities than those with unilateral or bilateral KP. Figure 2 shows the percentage of individuals who developed prefrailty and frailty over time by baseline KP status. The frequency of prefrailty increased over time from 31% to 48% in those with unilateral KP, whereas it increased from 38% to 51% in those with bilateral KP over six years. Compared with those with no KP, the rate of frailty occurring per 1,000 person-years was increased by 0.4% (53 events per 1,000 person-years) in those with unilateral KP, whereas it was increased by 2% in those with bilateral KP (41 events per 1,000 person-years). There was no significant association between KP status at the different time points and prefrailty and frailty over time.
Discussion
The current study examined the longitudinal association between KP status and prefrailty/frailty over six years of follow-up. Our findings suggest that the presence of 
Knee Pain and Incident Frailty
either unilateral or bilateral KP was associated with an increased odds of prefrailty and frailty over a period of six years. Bilateral KP was more strongly associated with the development of frailty than was unilateral KP, and those with bilateral KP were more than two times more likely to develop frailty compared with those with no KP.
In this study, participants without KP were more likely to have medical comorbidities. Age likely contributed to this finding, as participants without KP were older than those with either unilateral or bilateral KP. The terms comorbidity, frailty, and disability are commonly used interchangeably to describe vulnerable older adults [32] . However, there is a growing consensus that these are distinct clinical entities that are causally related [33] . Thus, lifelong health improvement and disease prevention activities can prevent or slow the onset of comorbidities or frailty in aging people.
Our findings related to the incidence of frailty (4 to 50 cases per 1,000 person-years) agree with the small number of published longitudinal studies investigating knee OA and frailty published to date. For example, the combined Multicenter Osteoarthritis (MOST) and Osteoarthritis Initiative (OAI) study examined the association between knee OA and frailty over four years in community-dwelling older adults [21] . This study demonstrated that knee OA was associated with an increased risk of developing frailty. Other recent publications have also found an independent association between knee OA and prefrailty or frailty [20, 34] . However, these studies did not specifically examine the association between KP and frailty, a relationship that has not been thoroughly explored.
Similar to our study, a population-based cohort study over 4.4 years demonstrated that OA-related pain influences the relationship between OA and the risk of frailty [9] . A cross-sectional analysis in the Canadian Study of Health and Aging-Wave 2 found that with the presence of KP compared with mild or no KP, the risk of developing prefrailty or frailty was higher by twofold and fivefold, respectively, in community-dwelling older adults [35] . Lee and colleagues examined the frailty status and associated factors in older Chinese adults [36] . The study suggested that age and knee OA were strongly associated with frailty status. Another recent study revealed that the incidence of frailty was significantly influenced by marital status [37] . However, our study differs from these studies. For example, our study examined the relationship between KP related to the onset (or elevated risk) of knee OA and prefrailty and frailty compared with the healthy cohort. Moreover, we attempted to delineate the specific impact of KP by stratifying our sample by no KP, unilateral KP, or bilateral KP. Also, we found a significant association between frailty and KP, age, sex, race, education, marital status, smoking status, comorbidities, and BMI. The relationship remained strong between bilateral KP and frailty, suggesting that this is an at-risk group.
The potential underlying mechanisms that may account for the relationship between KP and frailty have not yet been elucidated. KP is known to be associated with a reduction in physical activity levels [38] , which may result in reduced muscle mass and increased susceptibility for an older person to developing disability [8] and difficulty with activities of daily living [39] . Sedentary behavior is also associated with a heightened inflammatory marker profile in older age [40] , a factor that is associated with sarcopenia [41] and frailty [42] . Physical activity is known to be beneficial in reducing lower limb pain symptoms [43] , inflammatory markers [44] , and frailty [45] ; thus, interventions helping people with KP to be more active may be a viable and important future research topic.
KP and frailty are two pervasive geriatric conditions that create an enormous burden in an expanding population of older adults [7, 46] . Only a limited amount of research has attempted to address or prevent prefrailty or frailty in older adults with KP. Thus, the health care practitioner's understanding of the relationship between these conditions is important in developing and promoting quality interdisciplinary geriatric clinical care to address the goals of Healthy People 2010 [47] .
Our study had several strengths, including the use of data from a prospective, multicenter, publicly and privately funded ongoing osteoarthritis initiative study database, the study's longitudinal design, the use of welldefined and validated assessments of frailty status, and the exploration of the potential role of KP status in increasing the risk of developing prefrailty and frailty. Our findings are generalizable because the participants included both older men and women with diverse ethnicities from different geographical regions in the United States.
This study also had limitations that should be acknowledged. First, KP status was defined using self-reported questionnaires, and this can introduce bias and lead to misclassification [48] . Second, we excluded the participants with frailty at baseline. This may have led to an underestimation of the relationship between KP status and odds of frailty. Third, the comorbidities score was based on self-report by the individuals. However, there was good agreement between the self-reported medical conditions and the medical diagnoses [49] .
Conclusions
KP status was positively associated with an increased odds of prefrailty and frailty over a six-year period compared with lack of KP. Bilateral KP was more strongly associated with the development of frailty. Thus, health care systems should develop effective interventions directed toward these two common geriatric conditions, both for prevention and treatment purposes. Future studies should further explore the prevention of frailty (such as by increasing physical activity) to determine if improving KP symptoms can prevent prefrailty or frailty.
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